OBJECTIVE -We examined relations between characteristics of the metabolic syndrome, early cardiovascular risk, and effect of early, intensive statin therapy after acute coronary syndrome.
C
lustering of clinical characteristics, including obesity, hypertension, glucose intolerance, and dyslipidemia, define a metabolic syndrome that is characterized by insulin resistance, systemic inflammation, and increased cardiovascular risk (1, 2) . The prevalence of metabolic syndrome is estimated at 24% of adults and Ͼ40% of elderly adults in the U.S. (3) . Moreover, the prevalence of metabolic syndrome appears to be increasing rapidly (4) , paralleling the increase in obesity and type 2 diabetes in the population.
Acute coronary syndrome (ACS), defined as acute myocardial infarction or unstable angina pectoris, accounts for 1-2 million hospital admissions annually in the U.S. (5) . Features of metabolic syndrome are common among patients with ACS. Approximately 20 -30% of patients with ACS have type 2 diabetes (6 -8) , and ϳ50% of patients meet criteria for hypertension, low HDL cholesterol, and/or high triglycerides as components of metabolic syndrome (9 -10).
In patients with stable coronary heart disease, the presence of metabolic syndrome increases the risk of death or major nonfatal cardiovascular events but at the same time increases the absolute benefit achieved from long-term treatment with a statin (11). To date, it has not been determined whether the same paradigm of increased risk but increased benefit of statin treatment applies to patients with ACS and metabolic syndrome. We addressed these questions in an examination of data from the Myocardial Ischemia Reduction with Aggressive Cholesterol Lowering (MIRACL) trial.
RESEARCH DESIGN AND METHODS -
The design and results of the MIRACL study have been previously reported (7) . The trial was a multicenter study of 3,086 patients admitted to the hospital with diagnoses of unstable angina or non-Q wave acute myocardial infarction (index events) and unequivocal objective evidence of acute myocardial ischemia or injury. Exclusion criteria included serum cholesterol Ͼ7.0 mmol/l (270 mg/dl), anticipated coronary revascularization, treatment with lipidlowering drugs other than study medication, and brittle or type 1 diabetes. All patients provided informed consent. The protocol was approved by each local institutional review board.
Between 24 and 96 h after hospital admission, patients were randomly assigned to double-blind treatment with 80 mg/day atorvastatin or matching placebo for 16 weeks. Resting blood pressure and BMI were recorded at randomization. Plasma lipids and high-sensitivity C-reactive protein were measured at randomization and at follow-up visits. Presence or absence of a history of hypertension and/or diabetes was recorded on case report forms by the responsible investigator. The protocol did not specify measurement of fasting blood glucose or waist circumference. The primary efficacy outcome was the time to first occurrence of death from any cause, nonfatal acute myocardial infarction, cardiac arrest with resuscitation, or worsening angina with new objective evidence of ischemia requiring emergency rehospitalization. Secondary efficacy measures included allcause mortality. specified in the MIRACL protocol, the criterion for diabetes was solely based upon a medical history of this condition.
Statistical analysis
Differences in baseline demographics between groups were summarized using Wilcoxon's rank-sum tests for continuous variables and 2 tests for categorical data. Prespecified Cox proportional hazards models with stratification for country and index event were used to assess association between baseline variables and the primary efficacy outcome. Separate models assessed association between these variables and the secondary efficacy outcome of all-cause mortality. Multivariable models included the main effects of sex, age, the presence of the metabolic syndrome and atorvastatin treatment. Interactions between metabolic syndrome and each of its components with treatment were also examined.
RESULTS -Analyses were performed on 3,038 of 3,086 randomized patients (98%) who had data recorded for all risk factors. A total of 38% (n ϭ 1,161) of the analysis population met the definition for metabolic syndrome. Table 1 summarizes baseline characteristics of patients classified with and without metabolic syndrome. Comparisons between the two groups indicate that patients with metabolic syndrome were more likely to be female and to have a history of prior myocardial infarction and less likely to be current smokers relative to patients without metabolic syndrome. In the setting of an ACS event, C-reactive protein was markedly and similarly elevated in both groups.
The presence of metabolic syndrome was associated with increased risk of the composite primary outcome over the 16-week follow-up period (Fig. 1) . The increase in risk was most pronounced between 2 and 6 weeks. By 16 weeks, 19% of the patients with metabolic syndrome and 14% of the patients without metabolic syndrome had experienced a primary end point event (Table 2 ). In addition, patients with metabolic syndrome were at greater risk of experiencing each of the components of the primary composite end point. The hazard ratio for a primary end point event associated with metabolic syndrome was 1.30 in males and 1.92 in females, with interaction between metabolic syndrome and sex of borderline significance (P ϭ 0.052).
Unadjusted and multivariable hazard ratios for the composite primary outcome are listed in Table 3 . The univariate effects of individual components of metabolic syndrome on the risk of a primary end point event are shown in Fig. 2 . In the unadjusted models, metabolic syndrome and the individual components of diabetes and low HDL were associated with increased risk for the primary outcome. In particular, the combined presence of diabetes and low HDL cholesterol was associated with nearly an 8% increase in absolute risk (Fig. 2) . In the multivariable model, metabolic syndrome was associated with a 49% increased risk (95% CI 24 -79%, P Ͻ 0.0001) for the primary outcome. A similar result was observed for all-cause mortality (hazard ratio [HR] [95% CI] 1.49 [1.04 -2.14], P ϭ 0.029).
In models with the primary composite end point as the outcome, there were no statistically significant interactions between metabolic syndrome or its individu a l c o m p o n e n t s a n d t r e a t m e n t assignment (all P Ͼ 0.10). This indicates that there was no evidence that the relative risk reduction associated with atorvastatin treatment was different among patients who did or did not meet the definition of metabolic syndrome or among those who did or did not have each of the individual component characteristics. To further explore the risk reduction in the primary composite associated with atorvastatin treatment, the HR and absolute risk reduction for treatment was calculated for subgroups defined by the number of metabolic syndrome risk factors (Table 4 ). Relative and absolute risk reductions were consistent across the subgroups except for the group with three risk factors. Given the absence of significant interaction between metabolic syndrome and treatment and the consistency of treatment effect with atorvastatin in the other five subgroups (20 -33% relative risk reduction, 3.5 -6.5% absolute risk reduction), the increased risk observed in patients with three risk factors is most likely a chance finding.
CONCLUSIONS -This study demonstrates that patients with characteristics of metabolic syndrome are at substantially increased risk for recurrent cardiovascular events after an index ACS event. During the 16 weeks following ACS, patients with metabolic syndrome (as defined in this analysis) had unadjusted relative and absolute risks of death, reinfarction, cardiac arrest, or emergency rehospitalization for recurrent myocardial ischemia that were 34 and 5% higher, respectively, than patients without metab o l i c s y n d r o m e . T h e i n d i v i d u a l characteristics of metabolic syndrome that accounted for increased risk were diabetes and low HDL cholesterol. Risk was less strongly related to elevated triglycerides and was not related to hypertension or obesity (BMI Ͼ30 kg/m 2 ). When the MIRACL trial was designed in 1995-96, recognition of the importance of metabolic syndrome was less widespread than at present. Consequently, some of the data needed to classify patients according to NCEP, WHO, or IDF definitions of metabolic syndrome (12-14) were not collected. With respect to the criterion for abnormal glucose metabolism, fasting blood glucose and insulin levels were neither protocol specified nor systematically measured in MIRACL; consequently, this analysis used the simple criterion of a medical history of diabetes. With respect to the criterion for obesity, measurements of waist and hip circumference were neither protocol specified nor systematically made in the MIRACL trial; therefore, the present analysis utilized the WHO criterion of BMI Ͼ30 kg/m 2 . We used the shared NCEP and IDF definitions of hypertension, low HDL cholesterol, and elevated triglycerides. Although the definitions used in the present analysis most likely define a subset of patients with an insulin resistance syndrome, they do not define precisely the same subset of patients that would have been identified by applying all NCEP, WHO, or IDF criteria for metabolic syndrome. Nonetheless, the classification scheme used in the present analysis is consistent with the broader definition of metabolic syndrome proposed in the American Diabetes Association consensus statement (15). Moreover, because a placebo-controlled trial of a statin in ACS is no longer feasible, it is unlikely that the questions investigated in this study will ever be addressed prospectively.
Our finding of a strong association between diabetes and short-term risk after ACS is concordant with findings in previous studies of patients with ACS. For example, in analyses of the GUSTO-IIB (Global Use of Strategies to Open Occluded Coronary Arteries IIB) and SYM-PHONY (Ischemic Heart Events PostAcute Coronary Syndromes) trials, diabetes increased risk in the 3-6 month period after ACS by 20 -65% (16,17). Our finding is also in agreement with that of Stern et al. (18), who concluded that the excess risk associated with metabolic syndrome in patients with stable coronary heart disease was attributable to the diabetic component of this syndrome. Prior analyses have shown that following ACS, nondiabetic patients with impaired glucose tolerance or insulin resistance are at substantially increased risk compared with patients with normal glucose tolerance and insulin sensitivity (19 -21) . It is likely that many nondiabetic patients with impaired glucose tolerance would have been classified as having metabolic syndrome by NCEP or WHO criteria but were not classified as such in the present analysis. Therefore, our analysis may underestimate the actual difference in risk between patients with and without metabolic syndrome. There are surprisingly few data relating lipid and lipoprotein measurements at the time of ACS to short-term risk following ACS. In an analysis of the MIRACL trial that considered lipid and lipoprotein measurements as continuous variables, HDL cholesterol and its associated apolipoprotein A-I were the only ones to bear a significant relation to short-term risk (22) .
Obesity, particularly abdominal obesity, has been associated with risk of first and recurrent cardiovascular events (23-25) but has not been well studied in relation to short-term risk following ACS. In the present analysis, the absence of a univariate relation between obesity and short-term risk after ACS may reflect the fact that BMI is a less robust indicator of cardiovascular risk than measures of abdominal obesity (i.e., waist circumference or waist-to-hip ratio). For example, in a study of 8,800 patients with stable cardiovascular disease followed for 4.5 years, BMI was not predictive of cardiovascular mortality, but waist circumference and waist-to-hip ratio were predictive (24) . Second, obese patients who present with ACS have been observed to have less severe coronary disease at angiography than nonobese patients (26) , a factor that may mitigate prognosis in obese patients. Finally, obesity may not have been a univariate predictor of risk in the present analysis because patients with BMI Ͼ30 kg/m 2 were more likely to have other characteristics associated with lower risk: patients with BMI Ͼ30 were more often female (44 vs. 33% of patients with BMI Յ30) and younger (mean age 62 vs. 66 years for patients with BMI Յ30).
Hypertension was the most prevalent individual characteristic among patients who met our definition of metabolic syndrome, but we did not find a univariate relation between hypertension and shortterm risk after ACS. This is consistent with findings of several prior analyses indicating that a history of hypertension is a nonsignificant or modest predictor of short-and long-term cardiovascular risk after acute myocardial infarction (27) (28) (29) , particularly when patients are well treated (30) .
Importantly, we found no significant interaction between features of the metabolic syndrome and treatment assignment (80 mg atorvastatin or placebo) on short-term risk of ischemic cardiovascular events after ACS. Thus, even though characteristics of diabetes and/or low HDL cholesterol identified patients at increased risk, they did not identify patients who derive greater or less relative benefit from early treatment with 80 mg atorvastatin daily. Nonetheless, patients with these characteristics derive greater absolute benefit from early treatment with 80 mg atorvastatin daily compared with patients without these characteristics. Accordingly, in the entire MIRACL study population, treatment with 80 mg atorvastatin reduced the absolute risk of a primary end point event by 2.6% compared with treatment with placebo. Among patients with diabetes or low HDL cholesterol, treatment with 80 mg atorvastatin reduced absolute risk by 4.4 or 3.7%, respectively.
